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Introduction.� The incidence of brain metastases (BM) is rapidly increasing, with most cases occurring in patients aged 
50–80 years and in 10–40% of patients with systemic neoplastic disease. The Graded Prognostic Assessment (GPA) is the 
most impartial prognostic method, according to which the average survival rate of patients with brain metastases is only 
7.18 months. 
Purpose.� To present a systematic review of the currently available evidence-based literature on the epidemiology, dia-
gnosis, and treatment of BM. 
Methods.� The authors searched PubMed up to March 2020 using the phrases “brain metastases”, “brain metastasis surgery”, 
and “brain metastases treatment”, which returned 65 citations.
Conclusions.� The choice of imaging and therapy for brain metastases remains a significant clinical problem. MRI, including 
T1, T1 + C, T2, FLAIR, and SWI sequences, is the most sensitive method for solitary BM detection, while other techniques 
such as spectroscopy, perfusion imaging, or fractional anisotropy contribute to diagnosis precision and neurological deficit 
avoidance in cases eligible for surgery. According to current treatment algorithms, three main methods are used to mana-
ge BM: surgery, chemotherapy, and radiotherapy, depending on the expected effect and the patient’s clinical condition. 
Surgery is most often used, offering neurological deficit remission in 60 to 90% of patients. Most chemotherapeutics do 
not cross the blood-brain barrier, so immunotherapy with antibodies such as pembrolizumab and ipilimumab, as well as 
antineoplastic vaccines, are a promising therapeutic prospect. 
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Key messages
•	 In spite of recent improvements in diagnostics and tre-

atment, there are few data describing the incidence and 
prognosis of patients with BM.

•	 The diagnosis and treatment of BM still pose a major chal-
lenge for all oncology-related specializations. 

•	 Traditional surgical excision has been used since the be-
ginning of BM management and remains effective. 

•	 Currently available targeted therapies still require further 
study but there are promising advances in the field.

Introduction
Cancer is the second most common cause of death in develo-
ped countries, with intracranial brain metastases (BM) the most 
common neurological complication of systemic cancer. BM 
are associated with significant morbidity and mortality [1, 2], 
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20% [7]. Ten years later, a US (United States) study reported 
an annual incidence of BM of 8.3 per 100,000 [8], while a po-
pulation-based review of the Metropolitan Detroit Cancer 
Surveillance System from 1973 to 2001 found an inciden-
ce proportion of brain metastasis among all patients with 
systemic malignancies to be 9.6%. This probably represents 
an underestimate, because the authors only included lung, 
melanoma, breast, renal, and colorectal cancers [7]. A Swe-
dish healthcare registry study from 1987 to 2006 found that 
the annual incidence rate of hospitalization for BM doubled 
during this period from 7 to 14 persons per 100,000. While 
these population-based studies were performed in different 
populations and without standardized treatment, they appear 
to indicate an increase in incidence [9]. This trend towards an 
increase in brain metastases incidence has also been observed 
in neurosurgical departments. In a retrospective cohort study 
of the Nationwide Inpatient Sample, there was an increase in 
the annual number of surgical resections for BM from 3900 in 
1988 to 7000 in 2000 [10]. 

However, every population-based study must be regarded 
as an underestimate because of neurologically silent metastases. 
Autopsy studies have shown that up to a quarter of patients 
diagnosed with cancer have BM before death [11, 12]. It is esti-
mated that there will be 1,762,450 new cancer cases in the US 
in 2019, 440,612 of whom will develop BM during their lifetime. 
Schouten and colleagues8 reported that approximately 70% of 
cancer patients develop BM within the first year after diagnosis, 
meaning that at least 308,428 BM cases are expected in 2019 in 
the US. Compared to 258,886 reported BM cases in the same da-
tabase in 2009: this represents an increase of about 20% [13, 14].

The origin and histotype of the primary cancer and im-
proved survival rates from diagnosis are major factors affec-
ting BM incidence. Sophisticated imaging techniques and 
better management of diffused neoplastic diseases (that 
leads to longer overall survival) are the main dimensions that 
contribute to the increase of BM incidence [15]. In order of 
decreasing frequency, the majority of BM arise from cancer 
of the lung, breast, kidney, and gastrointestinal (GI) tract and 
from melanomas [16].

The estimated annual incidence of lung cancer in 2019 
was 228,150 [14], and lung cancer is the most frequent (30–
60%) source of BM. Between 17% and 65% of patients with 
primary lung cancer develop BM [9, 16], most commonly 
from small cell lung cancer and adenocarcinomas. Lung 
cancer frequently presents with brain metastases as the first 
symptom of systemic disease. The median interval between 
initial cancer diagnosis and identification of a BM is shortest 
for lung cancer and ranges from 2 to 9 months, with 91% of 
patients with lung cancer being diagnosed with brain meta-
stases within one year of initial diagnosis [9, 16]. The presence 
of an epidermal growth factor receptor (EGFR) mutation is 
associated with a higher incidence of brain metastases in 
patients with non-small cell lung cancer (NSCLC) [17]. From 

and the number of patients admitted with BM has increased 
markedly over past few decades [3]. Amongst patients with 
systemic neoplastic disease, about half will develop BM during 
the whole period of the management of the disease [4].

Brain metastases appear as round, ring-enhancing lesions, 
usually at the white and grey matter junction, on magnetic 
resonance imaging (MRI) or computed tomography (CT). MRI 
is more sensitive at detecting BM than CT, detecting 20% more 
multiple metastases [1]. Patients presenting with headaches, 
seizures, or other neurological deficits are imaged by MRI with 
gadolinium contrast. However, only 30% of MRIs conducted at 
the time of neurologic diagnosis reveal solitary lesions [5]. Ma-
gnetic resonance spectroscopy (MRS) can contribute new in-
formation about BM metabolism and the surrounding edema.

Brain metastases are refractory to existing systemic the-
rapies, mainly due to a unique set of brain growth factors 
promoting resistance and inefficient drug delivery due to the 
blood-brain barrier [6]. Treatment algorithms are based on 
prognosis and whether the aim of management is symptom 
palliation, prolongation of survival, or both [6]. As with all can-
cer management, there are three core therapeutic approaches 
to BM: surgery, radiotherapy, and chemotherapy. However, 
only a few chemotherapies penetrate the blood-brain barrier, 
a longstanding situation that has hampered progress in BM 
therapy [5]. However, newer innovative therapeutic strate-
gies are being developed based on targeted molecular and 
immunological approaches. The newest clinical studies have 
shown that the central nervous system (CNS) should be treated 
as a different (but not isolated) immunological environment 
variant that requires the application of targeted therapy, such 
as immune check-point inhibitors (ICI) [4].

In spite of recent improvements in diagnostics and treat-
ment, there are few data describing the incidence and pro-
gnosis of patients with BM. The aim of this review was to 
summarize the incidence, diagnosis, treatment possibilities, 
and prognoses of patients with BM.

Methods
The authors searched PubMed up to March 2020 using the 
phrases “brain metastases”, “brain metastasis surgery”, and 
“brain metastases treatment”, which returned 65 citations.

Epidemiology
The incidence of brain metastases is increasing and, due to 
diagnostic problems, their exact incidence is unknown. The 
data on brain metastases incidence that are available in the 
literature are disparate and difficult to compare, originating 
from epidemiological, clinical, and autopsy studies. 

An early population-based analysis of brain metastases 
conducted between 1954 and 1963 in Iceland reported an 
annual incidence of BM of 2.8 affected individuals per 100,000; 
the incidence proportion of metastatic brain tumors in all 
patients with primary systemic malignancies was less than 
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these data, ~138,792 new lung cancer BMs are expected to 
be diagnosed in the US in 2019. 

In contrast to lung cancer, brain metastases arising from 
breast cancer arise later in the disease course, a median of 
2–3 years after the initial diagnosis. The estimated annual new 
incidence of breast cancer in 2019 is 271,270 [14]. Breast cancer 
is the most common source of BM in women, accounting for 
5–30% of all metastatic brain tumors in women and occurring 
in up to 30% of women with primary breast cancer [18]. Younger 
age, human epidermal growth factor receptor 2 (HER2) positi-
vity, estrogen receptor (ER) negativity, high tumor grade, high 
proliferative activity, and high burden of metastatic disease are 
all risk factors for BM in breast cancer [19–21]. Graesslin et al. 
developed a nomogram to predict subsequent BM in patients 
with breast cancer without brain metastatic disease based on 
these risk factors [22]. From these data, ~56,966 new breast 
cancer brain metastases will be diagnosed in the US in 2019. 

The incidence of melanoma is also increasing, with an 
estimated 96,480 new cases in 2019 and a higher incidence 
in male patients. Approximately 37% of patients with stage 
IV melanoma develop BM, with autopsy series reporting an 
incidence as high as 90%. Melanoma BM are associated with 
the poorest outcome of all cancers. Although NCCN (The Natio-
nal Comprehensive Cancer Network) guidelines recommend 
a brain MRI for stage III (regional) and IV (metastatic) melanoma, 
Mustafa et al. suggested cranial evaluation for earlier-stage 
patients, even for localized disease [23]. 

There are estimated to be 101,420 new colorectal cancer 
cases in the US in 2019, again more commonly in men than 
in women [14]. Approximately 10% of patients with stage 
IV colorectal cancer have brain metastases, and the median 
interval between initial colorectal cancer diagnosis and iden-
tification of a BM is approximately 2–3 years [16]. We estimate 
the caseload of new brain metastases using the data in table I. 

Imaging diagnosis and morphology
T1, T1 + C, T2, FLAIR, and SWI sequences are commonly used 
to study patients with possible BM. Gadolinium-based contrast 

agents (GBCA) are available for use in clinical applications of 
MRI. Increasing the GBCA dose increases the sensitivity for small 
(<5 mm) lesions [24] and, similarly, increasing MRI field strength 
improves metastasis detection; contrast dose appears to have 
greater impact than field strength, although half-dose contrast 
at double resonance field strength is reportedly superior to 
full dose at normal resonance field strength [25]. Due to the 
development of nephrogenic systemic fibrosis, high doses 
of gadolinium are now avoided, and in light of US Food and 
Drug Administration (FDA) warnings against the use of high-
-dose gadolinium, other potential enhancement methods 
for BM are needed. Increasing the time delay (by 15 minutes) 
between contrast injection and acquisition has been shown to 
result in at least one additional lesion being detected in 43% 
of patients with BM [26]. Moreover, the volume of metastatic 
lesions detected is greater after time delay [27]. A delay of 20 
minutes appears to be optimal for maximizing the detection of 
small lesions. The distribution of contrast agent in BM can vary; 
typical well-defined ring-enhancing lesions are only apparent 
in 15% of BM. With this in mind, Dolgushin et al. subclassified 
BM into five groups: (I) target, with decay in the center of the 
tumor (26.9%); (II) heterogeneous, with multiple decay fields 
(13.9%); (III) ring (15.3%); (IV) ring and tissue (13.1%); and (V) 
homogeneous (30.8%) [28].

Although brain metastases typically exhibit well-defined 
margins delimited by a glial pseudo-capsule, recent studies 
have demonstrated that there is often surrounding brain 
infiltration. Brain colonization by metastatic cells could be 
promoted by the glial defense system in the adjacent brain 
parenchyma, neutralization of which seems to be a prerequisite 
for brain parenchymal colonization in vivo [29]. The impact of 
astrocytes on chemotherapy resistance and tumor cell proli-
feration has been reported [30, 31]. In an ex vivo organotypic 
brain slice co-culture mode, astrocytes and microglia accumu-
lated at the metastasis/brain parenchyma interface, formed 
multiple protrusions, and interacted with the immortalized 
benign non-CNS (central nervous system) epithelial cells to 
subsequently induce apoptosis in these cells [32, 33]. Siam et al. 

Table I. Estimated new cancer cases and deaths by sex, United States, 2019 [13]

Estimated new cases Estimated deaths Estimated number of BM 

General Male Female General Male Female General

All sites 1,762,450 870,970 891,480 606,880 321,670 285,210 308,428

Colon 101,420 51,690 49,730 51,020 27,640 23,380 10,142

Lung 228,150 116,440 111,710 142,670 76,650 66,020 138,792

Melanoma 96,480 57,220 39,260 7,230 4,740 2,490 60,782

Breast 271,270 2,670 268,600 42,260 500 41,760 56,966

Kidney 73,820 44,120 29,700 14,770 9,820 4,950 Not enough data to estimate

Primary Brain Tumors 23,820 13,410 10,410 17,760 9,910 7,850
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proposed four types of metastatic infiltration: type 0, displacing 
growth without infiltration – non-infiltrating cancer cells with 
a significant glial reaction (typical for renal cell cancer); type 1, 
cluster/cohort infiltration – strands invade the adjacent brain 
parenchyma with detached infiltrating cohorts and clusters 
sometimes found in the Virchow-Robin space, but also without 
contact with the blood vessels; type 2, diffuse infiltration – sin-
gle cells or mini-spheres infiltrating the brain parenchyma; and 
type 3, angio-cooptive – typically, infiltration into the adjacent 
brain parenchyma takes place along preexisting blood vessels 
(typical for melanoma) [33].

These studies strongly suggest that microscopic total re-
section should be favored over gross total resection to achieve 
clinical benefits. The tissue of the cavity wall should, where 
possible, be resected beyond the glial pseudo-capsule. Fluore-
scence-guided resections with preoperative 5-aminolevulinic 
acid (5-ALA) seem to be clinically beneficial. Recent studies 
have shown that material obtained from the fluorescent tissue 
of the cavity walls contains tumor cells in 33% of cases [34]. 
Patients with an infiltrative phenotype have poor prognostic 
outcomes. In addition, Ki-67 has a generally poor prognostic 
value, only being prognostic in NSCLC and RCC (renal cell 
carcinoma) [35].

The gold standard test for detection of BMs is MRI, since 
infiltrative areas can be missed with standard morphologic 
imaging. Perfusion imaging, spectroscopy, and diffusion-we-
ighted imaging enhance the diagnostic accuracy, and diffu-
sion-weighted imaging, apparent diffusion coefficient imaging, 
and fractional anisotropy imaging are used for tractography, 
which can prevent deficits after surgery.

Treatment of brain metastases
Brain metastases are a very common complication in oncology 
patients and pose a therapeutic challenge. The presence of BM 
usually heralds a dismal prognosis. The most objective evalua-
tion of prognosis is the Graded Prognostic Assessment (GPA), 
which calculates an average survival rate for patients with BM 
of only 7.18 months [36]. The aforementioned index poses 
a useful tool while estimating a diagnostic-specific prognosis 
for patients with BM [37]. Specific factors taken into consid-
eration vary, depending on the particular diagnosis and are 
strictly specified for the five neoplasms that most often cause 
BM: breast, renal, lung and gastrointestinal cancers, as well 
as melanoma. The GPA for different diagnoses can consist of 
several aspects: Karnofsky performance score, age, presence of 
extracranial metastases, number of BM and tumor subtype [38] 
(tab. II–IV). Diagnosis-specific Graded Prognostic Assessment 
(DS-GPA) is an extended version of the GPA index. DS-GPA 
includes primary tumor type, gene status and subtypes of 
breast cancer (tab. II–IV).

However, the molecular and histological features of the tu-
mors have a big impact on survival rates. For instance, patients 
with breast cancer brain metastases and positive HER2 status 

can survive over five years with multimodal therapy and good 
control of the systemic disease [41]. In melanoma or NSCLC, the 
median survival is poor, and even young patients with good 
life quality generally survive less than a year [35]. Management 
should consider tumor histology where possible, available 

Table II. Significant factors taken into consideration while estimating 
prognosis for particular neoplasms most frequently causing BM [7, 39, 40]

Type of neoplasm Significant prognostic factors

Lung carcinoma –	 Age
–	 KPS
–	 Number of BM
–	 EGFR mutation
–	 ALK remodelling 

Breast cancer (adenocarcinoma) –	 Age
–	 KPS
–	 ER, PR, HER2 mutations

Hypernephroma –	 KPS 
–	 Number of BM

Melanoma –	 KPS
–	 Number of BM
–	 BRAF mutation

Colon adenocarcinoma –	 KPS
–	 Age
–	 Number of BM
–	 Presence or absence of 

extracellular matrix

Table III. Graded prognostic assessment

Factors Score

Age >60 0

50–59 0.5

<50 1.0

KPS <70 0

70–80 0.5

90–100 1.0

Number of CNS metastases >3 0

2–3 0.5

1 1.0

Extracranial metastases present 0

absent 1.0

Table IV. Median survival time for the GPA

GPA score MST [months]

0–1 2.6

1.5–2.5 3.8

3.0 6.9

3.5–4.0 11.0
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elective treatment, the patient`s age, Karnofsky performance 
status, the volume of brain metastases, and extracranial disease 
activity [41]. The main treatment methods include surgery, 
whole brain radiotherapy (WBRT), stereotactic radiosurgery, 
and chemotherapy.

Whole brain radiotherapy alone has been compared to 
surgery plus WBRT for the treatment of newly-diagnosed brain 
metastases [42, 43], with good quality evidence of the bene-
fits from the application of the combined regimen (median 
survival 4–6 and 10 months, respectively). Furthermore, dise-
ase-free survival and CNS recurrence rates are improved with 
multimodal treatment [41]. 

Most surgery produces good clinical results. 60–90% of 
operable patients benefit from symptom remission [44]. The 
application of perioperative techniques such as preoperative 
MRI, neuronavigation, and intraoperative electrophysiological 
techniques have extended the range of possible surgeries, im-
proved the ability to perform radical resection, and improved 
safety [45]. Only 20% of non-radical tumor removal cases are 
visible on postoperative MRI. A lack of gross total resection of 
metastases is the biggest risk factor for local recurrence [46]. 
From the surgeon’s perspective, the choice of technique and 
the impact of the operative method used on neurological 
function are important considerations, although a large re-
trospective study examining surgical effectiveness and safety 
showed that it is possible to remove a single brain metastasis 
with no neurological decline, even in eloquent regions [47].

Recent reports have shown that surgery of two or even 
three brain metastases has similar effectiveness to the surgical 
treatment of a single metastasis, albeit in patients with good 
overall neurological condition and well-controlled systemic 
disease [48].

Over the past few years, stereoradiosurgery (SRS) has emer-
ged as a promising method [49]. Stereoradiosurgery allows the 
very precise irradiation of a tumor mass, with the convergence 
of superinduced rays accumulating the dose in one place and 
sparing the surrounding brain tissue. Stereoradiosurgery is 
particularly useful for the treatment of small metastases and 
lesions that are hard to reach by surgery [50]. The aforementio-
ned method can be divided into stereotactic fractionated ra-
diotherapy (SFRT) and single-dose SRS. Due to recommended 
dose limits, some tumors must be treated with fractionated 
doses. Single-dose SRS applied to no more than three brain 
lesions has been shown to achieve local control, defined as 
a lack of growth or a decrease in tumor mass after one year, 
in about 80–90% of cases [51]. The effects of treatment on 
metastases considered to be radio-resistant (melanomas or 
hypernephromas) are similar to those that are radio-sensitive. 
Another advantage of SRS is the possibility of using it on the 
elderly (>80 years old) [51–53]. Reports on WBRT combined 
with SRS have only shown improved outcomes in patients with 
high GPA (3.5–4) (WBRT combined with SRS vs. WBRT alone was 
21.0 vs. 10.3 months). In patients with a worse GPA, there is no 

major difference between WBRT and WBRT combined with SRS 
[54]. Of note, SRS toxicity does not depend on the total number 
of metastases but only on their aggregate volume [53]. This 
method can also be used in combination with preoperative 
immunotherapy with anlotinib (anti-VEGF – vascular endo-
thelial growth factor). In a multicenter clinical study, Wang et 
al. have proven that anti-VEGF factors substantively reduced 
brain edema, which led to better surgery tolerance and the 
enhancement of SRS effects [49].

Nowadays, more clinicians acknowledge the necessity of 
postoperative adjuvant methods. There are two complementa-
ry therapies which are becoming the newest standards: WBRT 
and SRS delivered to the resection cavity [56]. Moravan et al., 
in their study, claim that both methods have similar overall su-
rvival (OS), while SRS is marked by two significant advantages: 
longer cognitive – deterioration-free survival (dysfunction after 
6 months in patients who underwent SRS vs. WBRT: 52% vs. 
85%) and major reduction of local tumor recurrence (12-month 
period exempt from recurrence: 72% vs. 43% comparing posto-
perative SRS and no adjuvant therapies applied, respectively) 
[56]. The newest NCCN guidelines advocate the application 
of SRS alone as an adjuvant therapy amongst patients whose 
total metastases volume is limited; addition of WBRT signifi-
cantly aggravates neurological and cognitive declines [23, 57]. 
For cavities larger than 5 cm total in volume, single-fraction 
adjuvant SRS should not be applied [23].

In view of the presence of the blood-brain barrier, meta-
static tumors do not respond well to systemic chemotherapy, 
which is used to control systemic disease. However, there are 
some exceptions. EGFR-positive NSCLC radiologically responds 
to erlotinib, gefitinib, and osimertinib [45], targeted EGFR inhi-
bitors. In addition, several other pathways are being examined 
as therapeutic targets, such as PI3K/Akt/mTOR (phosphoinositi-
de 3-kinase/ protein kinase B/ mammalian target of rapamycin 
pathway), HER3 (human epidermal growth factor receptor 3), 
VEGF and polymerase inhibitors (PARPi).

Classical chemotherapeutics avoid the blood-brain barrier 
in three different ways, all of which are associated with bar-
rier transport mechanisms. (1) Absorbing transcytosis, which 
is a phenomenon that describes the connection between 
positively charged molecules with brain endothelial cells (on 
which there are negatively charged caveolae or corrugations 
covered with clathrin). Chemotherapeutics, being positively 
charged, increase the distribution through the blood-brain 
barrier. Unfortunately, the occurrence of negatively polarized 
cell membranes throughout the body contributes to the si-
gnificant toxicity of this method [55]. (2) Paclitaxel transport 
with the use of transport proteins turned out to be effective 
in animal models [58]. (3) Receptor transport, where endocytic 
transport is contingent on the ligand. This method allows the 
transport of large molecules. Attempts to exploit this method 
include the use of monoclonal antibodies and the approach 
has been applied to Alzheimer’s and Parkinson’s disease [59].
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In view of the immunological privilege of the brain, immu-
notherapy represents a challenging but promising therapeutic. 
Most recommended targeted therapies are those which use 
anti-VEGF factors and checkpoint inhibitors, such as pembro-
lizumab [60]. Wang et al. suggest that inhibitors of PD-1 and 
PD-L1 (programmed death receptor-1/programmed death 
ligand 1) activate the antineoplastic effect of the T cells located 
in the tumor microenvironment (TME), previously inhibited 
by the tumor. Therefore, in comparison to methods routinely 
used in managing BM, those therapies feature reduced neu-
rotoxicity [38]. What`s more, there are strong reasons to be-
lieve that immunocytes are able to comprehensively relocate 
into or out of the CNS [38]. For example, pembrolizumab (an 
anti-PD-1 immunotherapy) had a positive impact on intracra-
nial melanoma or NSCLC metastases in 20–30% of cases [38]. 
Furthermore, in 55% of melanoma treatments, therapy with 
nivolumab and ipilimumab (anti-PD1 and CTLA-4- cytotoxic 
T-lymphocyte-associated protein 4) led to intracranial tumor 
remission [60, 62, 38, 63]. As a result, the latest NCCN guidelines 
recommend the application of nivolumab as a routine therapy 
for patients with initial or recurrent stage III/IV melanoma dise-
ase [23]. In a 2018 phase III clinical trial KEYNOTE-189, patients 
with NSCLC and BM were divided into two groups: one treated 
with chemotherapy alone and the other, whose treatment 
consisted of chemotherapy and pembrolizumab. The second 
group elicited a markedly better survival outcome than the 
patients on monotherapy [61].

There is also recent research in antineoplastic vaccines, 
since overexpression of the antigens that participate in carcino-
genesis causes immunization. The most promising vaccine for 
patients with brain metastases in stage I/II of clinical research is 
PERCELLVAC3. Moreover, there is interest in the use of oncolytic 
viruses, which results in an immunological response not only to 
the virus but also the tumor, and which has been tested with 
anti-PD-L1 therapy and resulted in improved outcomes [64].

Conclusions
The incidence of metastatic brain tumors is increasing. The 
diagnosis and treatment of BM still pose a major challenge for 
all oncology-related specializations. Traditional surgical excision 
has been used since the beginning of BM management and 
remains effective. Currently available targeted therapies still re-
quire further study but there are promising advances in the field.
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